An approach to ovarian endometrial cysts has changed considerably during recent years, especially in regard to treatment of recurrent endometriosis, fertility sparing and infertility management. Surgical treatment is the primary therapeutic option. The most efficient types of treatment are radical procedures involving adhesiolysis, removal of the cyst along with its capsule and any remaining endometriotic foci. However, small asymptomatic cysts should not be treated surgically, especially in patients older than 35 years. Surgical treatment can be considered in infertile women and those who failed to get pregnant despite 1-1.5 years of trials, as well as in cases in which in vitro fertilization is not an option. Also large cysts, with more than 4 cm in diameter, should be treated surgically due to the risk of their rupture or torsion. The most efficient preventive measure for recurrent ovarian endometriosis is unilateral oophorectomy with sparing the contralateral ovary. Such a procedure should be considered in women who are no longer interested in childbearing or present with another endometriotic cyst in the same ovary. The role of pharmacotherapy is fairly limited; it should be considered in patients in whom diffuse endometriosis is associated with pain. Therapeutic agents from the following groups can be used: estrogen-progestin preparation, gestagens, including progesteronereleasing intrauterine systems and gonadotropin-releasing hormone agonists. Women with infertility should get pregnant as soon as possible, and in patients who failed to get pregnant and/or are older than 35 years, in vitro fertilization should be the treatment of choice.
Introduction
Endometrial ovarian cysts are one of the more common gynecological disorders found in women of reproductive age. They are frequently the cause of surgical interventions, undertaken not only by gynecologists but also by pelvic surgeons. Therefore, at least in this context, endometrial ovarian cysts should be considered an interdisciplinary problem.
Endometriosis is a chronic benign estrogen-dependent disease. It is observed primarily in patients of reproductive age, and its prevalence in this population is estimated at 5-10%. Endometriosis is defined as the presence of active endometrial tissue outside the uterine cavity, usually on the peritoneum of the minor pelvis, in the myometrium, ovaries and fallopian tubes, as well as extraperitoneally. Endometriotic lesions can be also found in the intestines, urinary bladder, lungs, and even in the brain. Based on the localization of the lesions, the disease is classified as peritoneal, ovarian or deep infiltrating endometriosis. 1 Etiopathogenesis of endometriosis is still not fully understood. There are several theories on the etiology of this condition. The most widely accepted one is Sampson's theory according to which formation of ectopic endometrial tissue is a consequence of retrograde menstruation. During this process, some of the endometrial debris leaves the uterus with small volumes of menstrual blood, reaches abdominal cavity via the fallopian tubes and is implanted into peritoneum, usually within the pelvis. 2 Furthermore, immune and genetic factors are postulated to play a crucial role in the etiopathogenesis of endometriosis. 3 The most common manifestations of endometriosis include painful menstrual periods with heavy menstrual bleeding, pelvic pain, dyspareunia, infertility, and sometimes pain during voiding or defecation. Ovarian endometriosis is the most common form of this condition. Ovarian endometrial cysts (endometriomas) are found in 20-55% of women with endometriosis. 4 An ovarian mass can be qualified as an endometrial cyst based on its ultrasonographic presentation, using the criteria that have been published by the International Ovarian Tumor Analysis (IOTA) collaboration in 2013. 5 These criteria include size, shape, echogenicity of the lesion, structure of its capsule, presence of any projections to the cyst's lumen, vasculature, and relationship with surrounding anatomical structures. Currently, differential diagnosis of endometrial cysts and ovarian malignancies can be conducted promptly with the aid of an online application available on the IOTA website. 6 Another parameter that can be used in the differential diagnosis is the concentration of CA-125, which is usually slightly elevated in patients with this condition. 7 The approach to ovarian endometrial cysts has changed considerably during recent years, especially regarding the treatment of recurrent endometriosis, fertility sparing and infertility management. Current recommendations of international scientific bodies are based on the results of published meta-analyses and randomized trials.
Watchful waiting
There is a general consensus that small ovarian endometrial cysts, up to 3 cm in diameter, should be left untreated. 1, 8 However, 2 questions arise: what is the maximal duration of the expectant management and should it be considered in all patients with endometriosis? With no doubt, the expectant management is excluded in women with pelvic pain; in such cases, surgery is the treatment of choice. 9 However, is it the same with asymptomatic cases? It was shown that the formation of ovarian endometrial cyst results in a decrease in ovarian reserve, which progresses further if the lesion persists longer or enlarges. This may impair fertility, i.e., due to significantly lower ovulation rate and premature menopause. 10 Furthermore, the presence of endometrial cysts results in the formation of, frequently massive, solid adhesions between the ovary, fallopian tube and broad ligament of the uterus, which also decrease the likelihood of pregnancy. All this data supports surgical treatment, especially in young women with infertility. 11 However, surgical treatment is also known to decrease the ovarian reserve, thus promoting reproductive aging and accelerating the onset of menopause, 12 especially in the case of repeated surgeries. Moreover, one should consider the risk of postoperative adnexal adhesions that may considerably reduce the mobility of the fallopian tubes or result in their complete obliteration.
Treatment of infertile women above 35 years of age should be discussed separately. Surgical management of such patients will result in a decrease in their already low ovarian reserve. In such cases, especially in women with advanced endometriosis, with mechanical or male factor infertility, in vitro fertilization is an efficient option. According to Tsoumpou et al., 13 surgical treatment of patients prior to implementation of assisted reproductive technologies (ART) does not improve their outcomes. The only exception pertains to large endometrial cysts that hinder access to ovarian follicles. 13 To summarize, one should be cautious when considering surgical treatment of small ovarian endometrial cysts. Small asymptomatic cysts should not be treated surgically, especially in patients older than 35 years. Surgical treatment should be considered in infertile women and patients who failed to get pregnant despite 1-1.5 years of trials, as well as in cases in which in vitro fertilization is not an option. 8 Also large cysts, with more than 4 cm in diameter, should be treated surgically due to the risk of their rupture or torsion.
Surgical treatment
Surgical treatment is the principal method of endometrial cyst management. The least efficient technique, nowadays considered mostly obsolete, involves puncturing the cyst under ultrasonographic guidance or during laparoscopy, aspiration of its contents, irrigation and, whenever necessary, administration of a sealant. However, this procedure frequently led to complications, such as the formation of abscesses and peritoneal adhesions. Moreover, up to 80-90% of patients present with recurrence already 6 months after the procedure.
14 Another surgical procedure, still used in many centers, is a cystectomy with irrigation of the lumen of the cyst and coagulation of its capsule. 15 Bipolar coagulation, optimally argon plasma coagulation, or laser coagulation should be used to spare normal ovarian tissue. 16 Unfortunately, this technique also does not guarantee the complete destruction of the capsule of the cyst. Saleh and Tulandi 14 showed that more than a half of patients presented with recurrent cysts as early as 2 years after the procedure, and 42 months post-surgery the recurrence rate increased to 60%.
Currently, laparoscopy is considered the "gold standard" in the management of ovarian endometrial cysts. The laparoscopic procedure includes freeing the ovary from adhesions, cystectomy, irrigation of the cyst, and complete excision of its wall with least possible injury to normal ovarian tissue. Bleeding vessels should be coagulated with a bipolar electrode, optimally using argon plasma coagulation. Also, all other endometriotic foci present in the pelvis should be coagulated carefully whenever feasible. 17, 18 The abovementioned technique is associated with the highest pregnancy rates in patients with infertility. 18, 19 Moreover, the removed ovarian cyst can be subjected to a histopathologic examination, which is of vital importance, considering that ca. 0.8-0.9% of endometriomas turn out to be malignant. In one study, up to 13% of endometriomas were eventually identified as borderline ovarian tumors. 20 The ovarian-sparing treatment with complete removal of the capsule of the cyst results in a considerable decrease in the endometrioma recurrence rate. However, between 10% and 40% of the patients may present with recurrent cysts, and the recurrence rate was shown to increase with the time elapsed since surgery. 21, 22 The severity of endometriosis turned out to be a key determinant of sustained remission after surgical treatment. The severity of the disease is determined with revised American Society for Reproductive Medicine (rASRM) scoring system, and many previous studies showed that the higher the rASRM score and severity of endometriosis, the greater the risk of its recurrence. 21, 23, 24 Liu et al. showed that the rASRM severity grade correlates with the recurrence rate of endometriosis, but its prognostic value is relatively poor. 25 However, this hypothesis is not supported by all the authors. For example, Koga et al. did not find a significant association between the severity of endometriosis and its recurrence rate. 26 Yun et al. analyzed the role of various components of the rASRM scoring system as potential risk markers for recurrent endometriosis. 27 They showed that the risk of recurrence increases considerably in patients with adhesions involving the ovaries and/or fallopian tubes and/or with complete obliteration of the cul-de-sac. 27 Consequently, the presence of adhesions, especially involving adnexa and culde-sac, seems to be an important predictor of recurrence. This hypothesis was also confirmed by other authors. 24, 25, 27 Bilateral endometrial cysts are generally considered to be a prognostic factor of recurrence, although not all previous studies confirmed this relationship. 26 An association between the localization of the cyst and the risk of recurrence is unclear. However, the results of some studies suggest that endometriomas located in the left ovary are more likely to recur. 28 Also, the available data on the influence of the diameter of the cyst on the recurrence rate is inconclusive. Nevertheless, a larger diameter of the cyst is generally considered an unfavorable prognostic factor. 21, 26, 29 However, a minimum diameter of the lesion associated with unfavorable prognosis has not been established thus far. Moreover, Ghezzi et al. showed that the diameter of the cyst has no influence on the recurrence rate. 28 Similar findings were also reported by Porpora et al. 24 Similarly, no consensus was reached regarding the influence of the patient's age on the risk of recurrence. According to many researchers, young age has an unfavorable effect on the duration of remission after surgical treatment. This is probably related to the fact that younger women present with more aggressive forms of endometriosis and higher postoperative blood concentrations of estrogens. 21, 25 However, Koga et al. 26 did not find an association between the patient's age and the duration of remission, and according to Parazzini et al., 30 the risk of recurrence increases with age. Pregnancy was shown to exert a beneficial effect and to reduce the risk of recurrent endometriosis, and as such is even considered a protective factor. Elevated concentrations of progesterone in pregnancy may inhibit the growth of endometriotic foci and attenuate related inflammation. 23, 31 A relatively less often considered prognostic factor of recurrent endometriosis is the preoperative level of CA-125. A high preoperative level of CA-125 was postulated to predispose to recurrence. Due to its low specificity, this antigen is not useful as a diagnostic marker of the disease, but still may play an important role in the monitoring of its treatment. 7 In turn, no associations were found between the presence of uterine leiomyoma or adenomyosis and recurrence rate. 26 Nowadays, molecular background of endometriosis is a subject of ongoing research. Considering the estrogen-dependence of the disease, estrogen receptor (ER), present in 2 forms, ER-α and ER-β, was an obvious target of research. Some studies showed an association between ER-α polymorphism and the risk of recurrence. 32 Another risk marker for recurrent endometriosis may be cyclooxygense-2. Increased activity of this enzyme, catalyzing synthesis of prostaglandins, was observed in endometriotic lesions in women who later presented with recurrence. 33 The most efficient preventive measure for recurrent ovarian endometriosis is unilateral oophorectomy with sparing the contralateral ovary. Such a procedure should be considered in women who are no longer interested in childbearing or present with another endometriotic cyst in the same ovary. Importantly, the procedure should be extended to adhesiolysis and the removal of all remaining endometriotic foci. Namnoum et al. 34 demonstrated that residual adhesions and endometriotic foci are associated with an 8-fold increase in reoperation risk. Hysterectomy with the removal of adnexa can be an option in perimenopausal women with endometrial cysts, diffuse peritoneal endometriosis or deep infiltrating endometriosis, especially with concomitant pain. 35 
Pharmacotherapy
Currently, pharmacotherapy is considered to play a secondary role during the postoperative period, and as such is implemented only in selected cases. Furthermore, preoperative pharmacotherapy was shown to exert an unfavorable effect on ovarian endometrial cysts. Koga et al. 26 demonstrated that pharmacotherapy constitutes a risk factor for postoperative recurrence, since causing atrophy and fibrosis may hinder intraoperative identification of all endometriotic foci. In such cases, resection is more likely to be incomplete and is more technically demanding. 26 Similar conclusions were also reported by Muzii et al. 36 Moreover, preoperative pharmacotherapy was shown to be associated with an increase in the proportion of dyskariotic cells and to slow down development of eukaryotic cells within the cyst's wall. 37 Postoperative pharmacotherapy is recommended after incomplete resection of endometriotic foci or in patients with concomitant pain. Endometriosis is an estrogen-dependent condition and, therefore, the principal aim of pharmacotherapy is to suppress ovarian function and to promote the atrophy of endometriotic lesions. Therapeutic agents from the following groups can be used: estrogenprogestin preparation, gestagens, including progesteronereleasing intrauterine systems and gonadotropin-releasing hormone (GnRH) agonists. Due to its multiple side effects, danazol is no longer recommended in pharmacotherapy of endometriosis. 38 Frequently, the agents mentioned above are simultaneously used as contraceptives, and, therefore, specific agents should be selected on an individual basis with their potential side effects taken into consideration.
Two-component oral contraceptives play an important role in the prevention of recurrent endometriotic lesions and the attenuation of pain. Beneficial effects of these preparations are associated with the inhibition of ovulation. Less intensive menstrual bleeding and lack of retrograde menstruation prevent endometrial debris spreading outside the uterus. Furthermore, estroprogestin contraceptives suppress the proliferation of endometriotic tissue. Their superiority to other therapeutic options is associated with their small number of side effects, good tolerance and reasonable price.
Due to the frequent use of oral contraceptives, their efficacy was a subject of many previous studies. During a 24-month postoperative follow-up, Seracchioli et al. 39 found recurrent endometriomas in 29% of women who did not use any contraceptives, as well as in 14.7% and 8.2% of patients who used cyclic and continuous contraceptives, respectively. The same group showed that the diameter of recurrent endometrial cysts in women who used hormonal preparations was markedly smaller than in patients who did not receive this form of therapy. Also, the growth rate of recurrent lesions in the former group was reduced. The most beneficial effects were observed in patients taking continuous contraceptives. 40, 41 Zorbas et al. 42 compared the effects of continuous and cyclic contraceptives. The risk of recurrence turned out to be markedly higher in patients using cyclic contraceptives (16.6%) than in those undergoing continuous therapy, probably due to the fact that the latter resulted in constant suppression of inflammatory processes. 42 Cucinella et al. 43 analyzed the efficacy of oral contraceptives depending on the type of progestin they contained. Contrary to other authors, they showed that the type of progestin (desogestrel, gestodene, dienogest) exerted no effect on the efficacy of oral contraceptives in the prevention of recurrent endometriosis. In contrast, the results of other studies point to more beneficial effects of dienogest, but this may be a consequence of its synergy with endogenous estradiol.
44 Surprisingly, however, Muzii et al. 45 showed that postoperative administration of low-dose contraceptives does not exert a significant effect on the recurrence rate of endometriosis, 45 but may only prolong the time to recurrence. The absence of significant effects of treatment with contraceptives on the recurrence rate of endometriosis was also reported by Koga et al. 26 However, the latter authors analyzed the effects of shortterm administration of oral contraceptives (<12 months) and it is generally believed that it is the long-term therapy that shows the most evident benefits. Furthermore, the protective effect of oral contraceptives dramatically decreases after their withdrawal. Consequently, continuation of the therapy is recommended until the patient decides to get pregnant. 24, 31 Of all gestagens, dienogest is used is monotherapy most often. It inhibits the growth of endometriotic foci, markedly attenuates pain and rarely produces side effects when administered at 2 mg per day. 44, 46 The results of previous studies suggest that dienogest therapy may also result in a lower recurrence rate of endometriosis. According to Yanase et al., 47 a 6-month cyclic therapy with this gestagen after previous surgical treatment of endometriosis protects against the recurrence of the disease, and this protective effect may last for approx. 4 years. Similar findings were also reported by Ouchi et al. 22 Also levonorgestrel-releasing intrauterine systems found an application in the adjuvant treatment of endometriosis. Their principal advantages include the possibility to achieve and maintain high local concentrations of levonorgestrel without concomitant suppression of the ovary. The system turned out to be particularly effective in the control of pain, but its role in the prevention of recurrent endometriosis is put into question. The only documented beneficial effect was a longer time to recurrence. 48 Another study compared the efficacy of a levonorgestrel-releasing intrauterine system and dienogest-containing oral contraceptives. While the latter turned out to be markedly more effective in attenuating pain, they were only slightly more effective in preventing recurrence. 49 GnRH analogues are another group of therapeutics that have been tested for their potential application in the prevention of recurrent endometriosis. Their beneficial effects were observed if they had been administered for at least 6 months post-surgery. However, a 3-month therapy exerted a markedly less pronounced effect on the recurrence rates. Aside from reducing the recurrence rate, GnRH analogues were also shown to prolong the time to recurrence. However, the potential side effects of the therapy need to be emphasized, as it was shown that even a 6-month therapy with GnRH analogues may promote bone demineralization. 50 Aromatase inhibitors are a novel group of therapeutics. Alborzi et al. 51 compared the efficacy of aromatase inhibitors and GnRH analogues in the prevention of recurrent endometriosis after laparoscopic treatment. Both agents were administered for 2 months, and then the patients were followed up for another 12 months. The recurrence rate in patients treated with aromatase inhibitors was similar as in women who received GnRH analogues. Surprisingly, a similar recurrence rate was also observed in the controls (patients without any pharmacotherapy). However, it is the duration of the therapy which probably has a considerable effect on its outcome.
Management of endometrial cysts in women with infertility
Management of ovarian endometrial cysts in women with infertility should be discussed separately. As mentioned above, endometrial cysts undoubtedly compromise fertility. [52] [53] [54] On the other hand, surgical treatment is associated with a decrease in ovarian reserve and the induction of peritoneal adhesions. Concentration of anti-Mül-lerian hormone was demonstrated to decrease markedly immediately after surgery and remain at a lower level for 6-9 months. 55, 56 Surgical treatment results in a permanent, ca. 10%, decrease in antral follicle count. 57 The influence of surgical treatment on ovarian reserve is particularly evident in the case of cysts larger than 4 cm in diameter. 57, 58 Consequently, surgical treatment is not recommended in patients with small cysts and in women older than 35 years. Such patients should get pregnant as soon as possible, and whenever needed they can be subjected to the induction of ovulation and intrauterine insemination, 8 although the effectiveness of the latter procedure in this setting is often put into question. 59, 60 In patients who failed to get pregnant and in women older than 35 years, in vitro fertilization is the treatment of choice. 8, 59, 60 Surgical treatment should be limited solely to the large cysts that may hinder ovarian puncture, 13 and to the lesions being suspicious for malignancy based on their ultrasonographic appearance.
Take-home message
In this paper, we have reviewed the results of studies conducted at various centers over a 30-year period, to demonstrate the efficacy of the treatment for ovarian endometrial cysts in the context of their recurrence. To the best of our knowledge, the number of similar reviews is sparse, although such publications would with no doubt raise the awareness of the appropriate treatment for this most common type of endometriosis among gynecologists, and would support them in the selection of the most effective therapeutic option. Still, coagulation of the capsule of the endometrial cyst with the state-of-the-art devices, such as lasers or plasma knifes, is preferred at some centers, without consideration of recurrence rates after such procedures. The published data and our own clinical experiences suggest that surgery should constitute the primary treatment for ovarian endometriosis. The most efficient types of surgery are radical procedures involving adhesiolysis, removal of the cyst along with its capsule and any remaining endometriotic foci. The role of pharmacotherapy is fairly limited; it should be considered in patients in whom diffuse endometriosis is associated with pain. Women with infertility should get pregnant as soon as possible, and in patients who failed and/or are older than 35 years, in vitro fertilization should be the treatment of choice.
